Abstract Few interventions have focused on very young children for obesity prevention. This study evaluated a pilot intervention to improve the nutrition and physical activity environments of child care centers serving infants and toddlers. This randomized controlled trial took place in 32 centers in Boston, Massachusetts. The intervention aimed to improve policies and practices related to nutrition and physical activity within the center. For the outcome, observers assessed center environments using the Environment and Policy Assessment and Observation (EPAO) instrument (range 0-320 points) at baseline and the 6-month follow-up. We fit linear regression models with change in EPAO score from baseline to follow-up, controlling for potential confounders for total score, nutrition sub-score, and physical activity sub-score. Intervention centers had a mean (SD) of 98.2 (144.8) children enrolled, while control centers had 59.2 (34.5). In intervention centers, 47.5 % of children were white, compared to 46.2 % in controls. Fewer intervention centers had outdoor play areas on site (75 vs. 100 %) but more had indoor play space (67 vs. 25 %). At baseline, intervention centers had a mean (SD) EPAO score of 134.5 (7.0) points and controls had 146.8 (4.8) points. Compared with controls, intervention centers improved their EPAO scores at follow-up by 18.5 points (95 % CI 0.1, 37.0; p = 0.049), chiefly through greater improvement in physical activity (12.2; 95 % CI -1.6, 26.0; p = 0.075) and not nutrition (6.4; 95 % CI -7.1, 19.8; p = 0.385). The pilot showed promise as an intervention to improve center environments, but future studies should include child-level outcomes.
Introduction
Obesity presents a substantial health problem, even for very young children. In recent years, United States (US) data show that nearly one out of ten children ages 0-23 months has a weight-for-length at or above the 95th percentile [1] [2] [3] . Obesity and excessive weight gain in the first year of life are both associated with higher blood pressure [4, 5] , wheezing [6] , and other adverse health conditions in childhood [7] . Heavier infants and infants who gain weight more quickly in the first year of life are more likely to be obese later in childhood [8, 9] .
Obesity affects children from racial and ethnic minority groups disproportionally, and rates are increasing more rapidly among American Indian [10] , African-American, and Hispanic/Latino(a) children than in white children [11] . These racial and ethnic disparities are evident in the first few years of life. Early life obesity risk factors, including excessive weight gain in infancy, lower rates of exclusive breastfeeding, and poor dietary intake are more common by age four years among African-American and Hispanic/Latino(a) children than among white children [12] . Early intervention, especially for racial and ethnic minority children, may reduce the risk of obesity later in life. But, few interventions have targeted very young children, particularly children under two years of age, for obesity prevention.
An important target for obesity prevention in young children may be the child care setting [13, 14] . In recent decades, greater numbers of parents have turned to child care providers to help care for their infants and toddlers. In 2002 in the US, 42 % of children \1 year of age and 53 % of children ages one to two years were cared for by someone other than a parent at least 1 day per week [15] . Although child care programs serve as important settings for shaping life-long behaviors, providers receive little guidance in creating healthy environments to prevent and reduce obesity. Recent studies suggest that children who attend child care are more likely to be obese than children cared for at home by a parent or other caregiver, and children of younger ages might be those at highest risk [16] [17] [18] . Our own research found that infants who spent time in child care during the first 6 months of life, especially in less formal care settings, were heavier at 1 year and still heavier at 3 years of age [18] . Obesity prevention interventions in infants and toddlers have been designed for delivery in home [19] [20] [21] [22] [23] , community [24, 25] , and clinical settings [26] [27] [28] [29] . However, few have focused on child care for intervention. The objective of this study was to test the ability of an intervention targeting children\2 years of age and their care providers to enhance the nutrition and physical activity environments of child care centers.
Methods

Trial Design and Participants
For this pilot study, we conducted a randomized controlled trial (RCT) in a sample of centers serving racially and ethnically diverse children \2 years of age. We present information about the study in accordance with the Consolidated Standards of Reporting Trials (CONSORT) 2010 guidelines [30] . This six-month-long intervention took place from spring to fall 2009 in 32 licensed centers located in greater Boston, Massachusetts (MA). Centers were eligible to participate if they were located in the Boston area, if the MA licensing office classified them as a center and not a family child care home, if at least 50 % of children in care were racial minorities (non-white), and if the center served both infants and toddlers. We excluded centers from participation if they had an open case of abuse or neglect on file with the state. We worked with the MA Child Care Resource and Referral agency to generate a list of all eligible centers in Boston, and in random order called 76 centers to invite them to participate in the study. We mailed interested centers a description of the intervention, and 32 agreed to participate. This was a convenience sample of centers, with the total number determined by available funding rather than a power calculation. The study coordinator enrolled centers into the study. We obtained written informed consent from each center director prior to the onset of the study. Since we did not collect any identifying information about the children in care, we obtained consent from the director only and not the parents of individual children. We did not make any changes to the methods after the trial had commenced. The research was conducted in accord with prevailing ethical principles; the Human Subjects Committee of Harvard Pilgrim Health Care approved this study.
Intervention
We designed the Baby Nutrition and Physical Activity Self-Assessment for Child Care (Baby NAP SACC) intervention to improve policies and practices in child care to help prevent obesity in children \2 years of age. The intervention allowed centers to assess their nutrition and physical activity environments, select areas for improvement, and make changes with the help of a trained interventionist. The Baby NAP SACC intervention was based on the Nutrition and Physical Activity Self-Assessment for Child Care (NAP SACC) intervention, which targeted children 2-5 years of age in child care [31] [32] [33] . The Baby NAP SACC intervention focused on four nutrition areas, three physical activity areas, and one overall center environment area, with a total of 47 specific behavioral targets ( Table 1) .
The specific needs of infants and toddlers can be quite different for both feeding and physical activity, although some common themes emerged. For example, the Baby NAP SACC intervention encourages providers to respect children's hunger and satiety cues. However, in practice, this may be manifested differently. The intervention encourages providers to learn to recognize hunger cues in infantsnoting differences between crying out of hunger and crying due to discomfort or some other reason. Additionally, the intervention discourages practices like bottle propping, which may prevent an infant from turning away from the bottle and also represents a chocking hazard. Additionally, the nutritional needs of infants and toddlers are quite different, given the major milestone that happens when infants turn 12 months of age and transition from human milk or formula to cow's milk. Thus, the nutrition target areas for infants were quite different from those for toddlers. For physical activity, the needs of infants and toddlers are somewhat similar, in that all children should have the opportunity to move about freely both inside and outdoors. The Baby NAP SACC intervention helps providers encourage activity in infants by allowing them to move freely on a safe and clean surface within the center, engaging with them on the ground, and supporting them as they creep, crawl, and reach for objects. Also, many infants are taken outdoors, but restricted to a stroller or infant carrier. The intervention encourages providers to allow infants to spend time outside and unrestricted. For toddlers, increasing physical activity may mean providing indoor and outdoor play space that is separate from older children to help promote active play and prevent injury. It also means engaging with toddlers to make physical activity fun and enjoyable.
Like NAP SACC, the Baby NAP SACC intervention included a self-assessment instrument [34] consisting of 37 nutrition questions and 20 physical activity questions based on the eight intervention target areas. We developed the self-assessment using current research literature and available standards and recommendations related to infant feeding, healthy eating, and physical activity [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] . Each question had four response categories, assigned one, two, three, or four points (one = below standard, two = minimum standard, three = good, four = best practice). The self-assessment was an intervention instrument, designed to highlight the best practice response and thus spark change in intervention centers at the onset of the study. Built around the self-assessment, the intervention consisted of five steps: (1) self-assessment; (2) action planning; (3) technical assistance; (4) training; and (5) re-assessment. All intervention directors completed the self-assessment instrument at the onset of the study. Trained interventionists worked with directors to choose four targets areas (two nutrition and two physical activity) for improvement and to create an action plan to make these changes. Interventionists encouraged centers to select behavioral targets with the lowest scores on the baseline self-assessment-those with the greatest room for improvement. The centers implemented changes during the six-month-long intervention period with ongoing technical assistance provided at least monthly by the interventionist. During technical assistance visits, the interventionists helped centers make and sustain changes related to the areas they selected for improvement through training, research, and intervention materials focused on the behavioral targets. During months two through four of the intervention, the interventionist delivered two workshops to center staff focused on infant and toddler feeding and physical activity. While all staff members were invited to the workshops, the workshops targeted the center director, the food preparer, and the infant and toddler room teachers. At the end of the intervention, center directors completed a follow-up selfassessment to evaluate changes made, revise goals, and repeat the process for continued environmental improvement. However, this self-assessment was not an outcome measure.
Of the two interventionists, one had an MPH degree in health education, while the other had a BS degree in Nutrition and was also a certified athletic trainer. The interventionists went through a four-week training on nutrition and physical activity for infants and toddlers that included specialized readings, workshops, and individualized training from a Registered Dietitian with extensive experience with NAP SACC and in child care. All intervention activities were supervised by the Registered Dietitian, who provided regular feedback and support to the interventionists.
Outcomes
We assessed each center's environment using the Environment and Policy Assessment and Observation (EPAO) [45] instrument in the spring (baseline) and fall (follow-up) of 2009. The EPAO assessed child care nutrition and physical activity environments, policies, and practices, and was developed by Ward and colleagues using the standards, recommendations, and research literature upon which the NAP SACC intervention was based [31] . The EPAO protocol and information about inter-rater reliability from testing in child care centers are reported elsewhere [45] . Briefly, the EPAO consisted of eight nutrition domains, including (1) fruits and vegetables, (2) grains, (3) high sugar, salt, and fat foods, (4) beverages, (5) nutrition environment, (6) nutrition staff behaviors, (7) nutrition education, and (8) nutrition policies. Physical activity domains include (1) active time, (2) sedentary time, (3) sedentary environment, (4) physical activity environment, (5) play equipment, (6) physical activity staff behaviors, (7) physical activity education, and (8) physical activity policies. The EPAO was developed to assess environments of centers serving children 1-5 years of age. Thus, we modified nine questions to be relevant for infants. Per EPAO protocol, we converted each question to a threepoint scale (zero, one, and two) and totaled scores within a given domain, for a total of 20 possible points per domain. We summed scores for each domain to calculate a total EPAO score (0-320 points), made up of a nutrition subscore (0-160 points) and physical activity sub-score (0-160 points).
A trained data collector, blinded to treatment group, visited each intervention and control center to conduct the EPAO at the beginning and end of the intervention. Prior to the onset of the study, training for data collectors included an intensive two-day workshop on observation techniques, a mock observation, two practice sessions in a center, and then certification in a center with a gold standard trainer. Data collectors needed to have an overall agreement of 90 % with the gold standard reviewer on the EPAO in order to be considered certified. Inter-rater reliability among the data collectors was 0.87 at the final certification. The data collectors focused primarily on the toddler classroom within the center for most of the observation, but spent enough time in the infant classroom to observe all behaviors and answer all EPAO questions related to infants. They also assessed the overall center environment, including an evaluation of indoor and outdoor play areas, and any space set aside for breastfeeding mothers. We did not collect identifying information about individual children; we focused on the child care environment, as well as interaction between providers and the children in their care. We did not make any changes to the outcomes measures after the trial had commenced.
Other Measures
We assessed several center covariates reported by directors, including years in operation, number of staff members, number of children enrolled, and number of incomesubsidized children enrolled. Directors also reported participation in the Child and Adult Care Food Program (CACFP), a federal food assistance program that provides reimbursement for eligible meals and snacks served to lowincome children in child care. Directors reported their own education levels (high school graduate or some college; college degree; some graduate training or graduate degree) and race and ethnicity (black; white; other), as well as the races and ethnicities of the children in care. Directors reported on the presence of indoor and outdoor play space available to children in care. Finally, at the end of the study, intervention directors were asked to rate their satisfaction level (not at all satisfied, somewhat satisfied, satisfied, very satisfied) with their participation in the intervention and whether or not they would recommend the intervention to other directors.
Randomization
We used a computer-generated random allocation sequence to assign centers to the intervention or control group on a 1:1 ratio after baseline assessments had been completed. This process was managed by a biostatistician and each allocation was communicated to the study coordinator via sealed, sequentially numbered opaque envelopes.
Blinding
Trained data collectors who conducted the EPAO at centers were blinded to treatment group and study hypotheses throughout the study. The Principal Investigator, study coordinator, interventionists, center teachers, and center directors were not blinded to treatment group.
Analysis
We computed baseline means and standard deviations (SD) for continuous demographic variables and frequencies for categorical variables. To assess differences between groups in these baseline characteristics, we conducted Wilcoxon rank-sum tests for continuous variables and exact Pearson Chi square tests for categorical variables. The analysis used data from all intervention and control centers, including the four intervention and two control centers that started, but did not complete the study. We considered each center to be a single participant because we did not perform measurements on individual children. For the main outcome, we calculated total score on the EPAO instrument, and secondarily examined nutrition sub-scores and physical activity sub-scores. To compare the change in baseline to follow-up EPAO scores between the intervention and control groups, we fit a linear regression model with change in total score from baseline to follow-up as the outcome, with intervention group as the primary independent variable of interest, with and without adjustment for covariates. We adjusted for covariates of a priori interest (child race, number of subsidized children in care) as well as presence of an indoor play area due to differences at baseline. We conducted the same analysis for nutrition subscore and physical activity sub-score on the EPAO. We did not conduct any interim analysis (e.g., mid-way through the study). We report results in terms of regression estimates, 95 % confidence intervals (CI) and two-sided p values. We performed all analyses using SAS version 9.1 (SAS Institute, Cary, NC).
We also conducted an exploratory analysis for each EPAO domain, comparing the mean change from baseline to follow-up among centers that selected that particular area (linked to an EPAO domain) as one of their targets for the intervention, called ''interveners''. We compared interveners to all other centers, including intervention centers that did not select the target area plus all control centers, called ''non-interveners''. Thus, ''non-interveners'' were all control centers combined with intervention centers that did not select that particular area for improvement. We fit a mixed-effects linear regression model with domain score as the outcome. Independent variables included an indicator for each domain, an indicator for study period (baseline or follow-up), a group indicator (intervener vs. non-intervener), domain by period interaction terms, domain by group interactions, and domain by period by group interactions. The effect of interest is the three-way interaction between domain, period and group, which measures the difference in change scores between groups for each domain (i.e., a ''difference of differences'' for each item). For each domain, we obtained a change score for interveners, a change score for non-interveners and a difference of difference estimate comparing the groups. We report these results in terms of covariate-adjusted regression estimates and 95 % CI separately for interveners and non-interveners, plus the differences between these two, and p values from a 14-degree of freedom F test to evaluate the overall group effect across all domains.
Results
We enrolled 32 child care centers: 16 intervention and 16 control. During the course of the study, three intervention centers and two control centers withdrew. Of the three intervention centers that withdrew, one director cited health issues as her reason for withdrawing, one did not have time for the intervention, and one did not provide a specific reason for withdrawing. One control center director stated that parents were not supportive of their participation in a research study and a second said that she did not have time to participate in the study. An additional intervention center went out of business, leaving 12 intervention and 14 control centers that completed the followup assessments at 6 months. A comparison of demographic variables at baseline between centers who withdrew from the study and those who completed the study did not show differences (data not shown). We did not receive any reports of harm or unintended effects of the intervention from any intervention or control centers. Baseline characteristics of centers are presented in Table 2 2) ], which means they had greater numbers low-income children in care. Intervention centers also had fewer outdoor play areas on site (75 vs. 100 %) but more had indoor play areas (67 vs. 25 %), compared to control centers. Nearly half of the children in intervention and control centers were white (47.5 % in intervention and 46.2 % in control centers).
Each intervention center directors selected two nutrition and two physical activity areas for improvement; these selections varied and were spread across all nutrition and all physical activity domains with one exception. A number of centers opted to improve the nutritional quality of the foods provided to children, focusing on limiting fried foods like French fries, fish sticks, and chicken nuggets. Other centers selected beverages for improvement, and limited the amount of juice provided to both infants and toddlers, and decreased sugar-sweetened beverages and increased water for toddlers. Some centers focused on behaviors among staff associated with interactions with children around feeding. For example, one center stopped encouraging toddlers to clean their plates and discussed the importance of identifying and respecting the satiety cues of young children. Another center provided a designated place for mothers to breastfeed that was not a bathroom. A few centers instituted regular training in physical activity for staff members, through their local health department. Another center subsidized gym memberships for staff to help encourage their personal health and promote their physical activity. None of the center directors selected the For the exploratory analyses using the mixed-effects linear regression model, we present mean change score for interveners, a change score for non-interveners and a difference of difference estimate comparing the groups ( Table 4 ). Note that two domains, nutrition policies and physical activity policies, were not selected for intervention by any center; hence there is no estimate for the intervener group for these two domains. Consequently, the overall F test has 14 degree of freedom rather than 16. Centers that withdrew from the study were not included in this analysis. Domains that contributed the most to overall change in nutrition sub-score include high sugar, high salt, and high fat foods, with a mean (SD) adjusted difference of 21.0 (9.5, 32.4) points (p = 0.0003) and nutrition staff behaviors Based on follow-up questions of the 12 intervention directors, 92 % reported being ''satisfied'' or ''very satisfied'' with the Baby NAP SACC intervention and 83 % reported they would recommend the intervention to other center directors.
Discussion
This Baby NAP SACC pilot study is the first intervention study designed to change the nutritional and physical activity environments of child care centers serving infants and toddlers. We found that intervention centers improved their obesity-related policies and practices, mostly driven by changes in physical activity. While the adjusted difference of 18.5 points in EPAO total score was significant, the wide CI (0.13-36.94) cautions against making strong inferences. In the nutrition and physical activity sub-scores of the EPAO, we found that intervention centers showed more improvement in their physical activity sub-score (adjusted intervention-control difference of 12.2 points) than nutrition sub-score (6.5 points). This finding is different from results found in the NAP SACC intervention trial among slightly older children, which showed pre-to post-intervention changes in nutrition but not physical activity sub-score [33] .
When we examined specific nutrition and physical activity domains within the EPAO, we found that the high sugar, high fat, and high salt foods domain, as well as the nutrition staff behaviors domain, contributed most to the overall change in nutrition sub-score. For physical activity, the sedentary time, physical activity environment, and physical activity staff behaviors domains appeared to have influenced the physical activity change sub-score. Staff behaviors related to both nutrition and physical activity were the two domains affected the most. This finding suggests that centers are willing to make improvements in staff/child interactions around feeding and physical activity. These behaviors might be easily modified with training or feedback from directors to providers. Staff behavior changes may be low-cost ways to improve nutrition and physical activity practices within child care, whereas some of the other domains might require a financial investment for improvement, such as serving fruit instead of fruit juice. A handful of previous intervention studies have targeted child care. Hip-Hop to Health Jr. was designed to promote healthy eating and prevent obesity in racially and ethnically diverse children ages 3-5 years. The intervention was successful in controlling excess weight gain in AfricanAmerican children attending 12 Head Start centers in Chicago [46] . Saturated fat intake was lower in children attending intervention centers at one-year follow-up, but not two years. In a second study of centers serving predominantly Latino(a) children, the authors did not find significant differences in either outcome [47] . A quasiexperimental study in Australia (Romp and Chomp) found lower prevalence rates of obesity in two-year-old children attending family child care homes than in the comparison settings [48, 49] . The Munch and Move intervention [50] , also in Australia, was an RCT in 15 intervention and 14 control preschools. Children in the intervention improved their movement skills and parents enhanced the nutritional content of their lunch boxes at the end of the intervention [50] . Additionally, The Melbourne Infant Feeding, Activity and Nutrition Trial (InFANT) Program is a cluster-randomised controlled trial in 492 families. The goal is to prevent obesity in infants ages 4-20 months. The intervention showed positive effects on some of the dietary outcomes of interest and children's television viewing [51] . Another intervention targeting children, parents, and child care providers in six Head Start centers in the US found a reduction in body mass index among both children and adults in the intervention centers [52] . It is challenging, however, to make comparisons across these studies due to varying outcomes and study designs. The Baby NAP SACC intervention is the first, to our knowledge, to focus exclusively on younger children in child care-infants and toddlers who may be most at risk for the development of obesity [16] [17] [18] .
This study has limitations. We tailored the intervention to the needs of individual centers-centers selected areas for improvement based on their interests. In this ''a la carte'' approach we would not expect centers to show substantial improvement on all eight nutrition or all eight physical activity EPAO domains, thus making it difficult to detect a strong overall intervention effect. Nevertheless, our findings suggest a slight difference between groups, but a more comprehensive trial is indicated to sufficiently test the intervention. First, the trial must incorporate more centers to allow for robust analysis by group. Second, measuring child-level behaviors and anthropometric outcomes is important. Third, insisting that all intervention centers intervene on the same target areas, selected a priori by the study team, has pros and cons. Although selfselection may increase participant engagement, which informed our decision to use the approach in both NAP SACC and the Baby NAP SACC pilot, it is likely that this also reduced our ability to detect intervention effects. Finally, we modified the EPAO to include questions appropriate to measure infant environments. Thus, these alterations likely affected validity and reliability. Although the changes were minor, future studies should evaluate how these changes affected the instrument. Since this study focused on a specific city in New England, results may not be generalizable to child care centers in other cities or other states across the US. Using the information gleaned from this pilot study, however, we are set to launch a larger trial in 80 child care centers, 640 children, and their families in late 2013. This intervention will target both the center and the family home environment in order to affect the two primary settings where children spend time and include child-level outcomes.
This study differs from NAP SACC in that the interventionist who delivered the Baby NAP SACC intervention were not nurses employed by the county health department. Instead, we hired and trained interventionists who were employed by Harvard Medical School, which allowed us to have greater control over the delivery of the intervention. A limitation of this approach is that we did not test the effectiveness of the intervention to improve center environments when delivered through existing public health infrastructure. Instead, we tested the efficacy of the intervention delivered through trained interventionists employed by the researchers. The Baby NAP SACC study was also different from NAP SACC in that interventionists encouraged centers to select two nutrition and two physical activity areas that had some room for improvement. In the NAP SACC intervention, centers selected one nutrition and one physical activity area, and a third area from either category. Centers were encouraged to select any areas for improvement, even if they scored well in that area on the baseline self-assessment. Additionally, longer-term outcomes of the NAP SACC and Baby NAP SACC intervention have not been assessed. Previous evaluation studies have assessed outcomes at the end of the six-month-long intervention, but researchers have not returned to assess the sustainability of change.
Another limitation of this study was our inability to track the participation of infant and toddler teachers in the workshops and other intervention activities. In fact, we do not know the extent to which teachers were exposed to the intervention, or if the same teachers were still present and employed at the center at the end of the intervention. A final limitation is that we did not account for temperature or season during our outcome assessment. Given the potential influence of weather on physical activity, and season on food availability, future studies should document and perhaps control for season in the analysis of outcome data.
Conclusions
Although the first few years of life are critical for the development of obesity, only a handful of interventions have targeted children in child care for obesity prevention [32, 33, [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] . Of those, most have focused on preschoolers. The Baby NAP SACC intervention shows promise as an innovative approach to promoting healthy child care environments for infants and toddlers, but more rigorous testing is needed to determine its effects on child adiposity and to evaluate its potential for wide-scale dissemination.
